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FLEXIBLE  SPECIALIZATION,  NEW 
TECHNOLOGIES  AND  FUTURE 
INDUSTRIALIZATION  IN 
DEVELOPING  COUNTRIES 
Jeffrey  James  and  Ajit  Bhalla 
Developing  countries  increasingly  recognize  that  in  the  future  far  more 
attention  will  need  to  be  paid  to  firms  located  outside  the  modern  or  formal 
sector.  In  this  context,  the  complex  of  recent  microelectronics  and  organ- 
izational  innovations  seems  highly  attractive  for  these  are  often  said  to  be 
capable  of  facilitating  a pattern  of  industrialization  based  on  flexible,  small- 
scale  production,  rather  than  on  the  more  typical  large-scale  technology  of 
mass  production.  This  article,  accordingly,  seeks  to  evaluate  the  various 
mechanisms  through  which  the  new  technologies-and  the  more  general 
possibilities  implied  by  the  various  definitions  of  ‘flexible  specialization’- 
may  in  fact  contribute  to  such  an  alternative  model  of  industrialization. 
Post-war  patterns  of  industrialization  in  developing  countries  have  generally  been 
based  on  promotion-via  a  strategy  of  import  substitution-of  a  modern  sector 
using  advanced  technologies  imported  from  the  industrialized  countries.  On  the 
whole  this  strategy  has  not  succeeded  in  absorbing  the  vast  numbers  of  those 
wishing  to  leave  the  non-modern  (or  traditional)  sector,  in  which  productivity  and 
incomes  are  typically  much  lower. 
This  rather  disappointing  outcome  reflects  in  part  the  highly  capital-intensive 
character  of  the  technology  used  in  the  modern  sector  and  partly  also  the  small 
initial  size  of  this  sector  at  the  time  when  many  developing  countries  first 
embarked  on  their  strategies  of  industrialization.  Furthermore,  rapid  rates  of  popu- 
lation  growth  in  many  developing  countries  (of  2-30/o  per  annum)  mean  that  the 
absolute  numbers  employed  outside  the  modern  sector  are  likely  to  continue 
growing  well  into  the  future.  Indeed,  for  some  countries  the  point  at  which  the 
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non-modern  sector  ceases  to  grow  in  absolute  terms  (the  so-called  Lewis  turning 
point),  may  not  occur  until  the  middle  of the  next  century.  By  that  time,  the  sector 
could  be as  high  as eight  or  nine  times  its  present  size. 
This  type  of  vision  of  the  future  has  led  in  a number  of  developing  countries, 
to  the  recognition  that  far  more  attention  needs  to  be  paid  to  the  problems  of 
(small  and medium)  firms  located  outside  the  modern  or formal  sector.  For,  without 
some  means  of  improving  the  productivity  of  the  (mostly  traditional)  technologies 
in  this  non-modern  sector,  the  incomes  of the  growing  numbers  that  will  be reliant 
on  these  relatively  unproductive  technologies  are  unlikely  to  improve  to  any 
significant  extent.  From  this  point  of  view,  the  complex  of  microelectronics  and 
organizational  innovations  (that  form  part  of  the  so-called  new  industrial  revolu- 
tion)  seems  attractive,  because  they  are  often  said  to  be  capable  of  facilitating  a 
pattern  of industrialization  based on flexible,  small-scale  production,  rather  than  on 
the  large-scale,  capital-intensive  technology  of  mass  production.  Such  a transition, 
it  is  argued,  would  permit  the  benefits  of  recent  technical  change  to  accrue  to 
small  and medium,  rather  than,  or  in  addition  to,  the  large and often  foreign-owned 
firms  that  comprise  the  modern  sector  of  many  developing  countries. 
To  a large  extent,  this  prospect  resides  in  the  ‘descaling’  properties  of the  new 
technologies-that  would  allow  efficient  production  at small  scales  of output-but 
it  is  also  based  on  other  characteristics  of  what  goes  under  the  term  ‘flexible 
specialization’,  such  as the  ability  of  the  new  technologies  to  tap  rapidly  changing 
niche  markets.  Our  concern  in  this  article  is  to  assess  these  and other  mechanisms 
through  which  the  new  technologies  (and the  more  general  possibilities  implied  by 
the  various  definitions  of  ‘flexible  specialization’)  may  be capable of  bringing  about 
an  alternative  and  more  egalitarian  pattern  of  industrial  development  in  the  Third 
World. 
What  we  find,  tentatively,  is  that  adoption  of  the  new  technologies  and 
organizational  innovations  has  so  far  been  confined  largely  to  the  more  developed 
of  the  developing  countries  and  to  certain  types  of  firms  within  those  countries, 
most  notably  firms  that  possess  well  developed  technological  capabilities  and  a 
strong  orientation  to  international  competition.  As  we  see  it,  diffusion  of  the 
complex  of  new  technologies  to  the  majority  of  firms  in  the  industrial  sector  of 
most  developing  countries  is  likely  to  be  only  a  long-term  phenomenon.  One 
should  not  be  particularly  surprised  by  this  conclusion;  after  all,  most  previous 
waves  of  innovation  have  taken  numerous  decades  to  spread  widely,  even  in  the 
countries  for  which  the  changes  were  originally  designed.  At  the  same  time,  it  is 
important  to  recognize  that  the  speed  at  which  the  most  recent  wave  of  inno- 
vations  will  spread  in  developing  countries  depends  rather  heavily  on  what  the 
governments  of these  countries  themselves  do. We  argue  in this  respect  that  much 
can  currently  be  undertaken  by  governments,  especially,  but  not  only,  in  cases 
where  markets  work  imperfectly  or  fail  altogether. 
Our  analysis  is  based  mainly,  though  not  exclusively,  on three  particular  types 
of  microelectronics-based  technologies,  namely  computer-aided  design  (CAD), 
computer-numerically  controlled  (CNC)  machine  tools,  and  microcomputers.  And 
we  focus  largely  on  the  direct  mechanisms  through  which  industrial  enterprises 
may  benefit  from  these  technologies-that  is,  mechanisms  that  lead  to  actual 
adoption  by these  enterprises.  In so  doing,  however,  we  by  no  means  wish  to  deny 
that  there  may  also  be a variety  of  indirect  mechanisms. 
The  first  part  of  the  article  argues  that  from  the  point  of  view  of  what  is 
actually  happening  in  these  countries,  the  framework  provided  in  the  choice  of 
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technology  literature  is  best  suited  to  answering  this  question.  The  following  two 
sections,  on  the  other  hand,  deal-mostly  from  a normafive  point  of  view-with 
other  approaches  (flexible  specialization  and  decentralization)  that  cannot  (or  at 
least  not  easily)  be fitted  into  the  choice  of technology  framework.  On  the  basis  of 
the  discussion  in  these  two  sections,  the  final  part  compares  and hopefully  clarifies 
the  manifold  mechanisms  through  which  the  benefits  of  the  new  microelectronics 
technologies  are  encouraging,  or  might  encourage  in  the  future,  a  more  flexible 
smaller-scale  industrialization  in  the  Third  World. 
The  choice  of  technology  framework 
The  general  question  that  needs  to  be  posed  under  this  heading  is  how  firm  size 
influences  the  rate  d  adoption  of  the  new  technologies.1  This  relationship,  as  we 
shall  see,  depends  not  only  on  the  characteristics  of  the  new  technologies  them- 
selves  but  also  on  a number  of institutional  variables  as well  as on the  nature  of the 
industry  considered.  To  begin  with,  though,  let  us  consider  the  simplest  textbook 
version  of  the  choice  of  technology,  according  to  which  the  individual  firm  is 
confronted  with  a range of alternatives  and a choice  is  made at a particular  point  in 
time.  In  this  version  of the  model,  the  new  technology  will  be chosen  on  the  basis 
of  whether  or  not  it  reduces  the  costs  of  production  in  comparison  with  existing 
techniques. 
The  e~c;e~cy  issue 
Perhaps  especially  in  the  economics  literature,  a great  deal  has  been  made  of  the 
‘miniaturization’  possibilities  that  are  said  to  be associated  with  some  of  the  new 
microelectronics  technologies  (most  notably  CAD  and  CNC  machine  tools 
(CNCMTs)  technologies).  The  specific  claim  is  that  these  technologies  permit  both 
efficient  production  and  a small  scale  of  output,  a combination  that  automation 
has  hitherto  generally  precluded.2 
Unfortunately,  however,  there  are  as  yet  remarkably  few  studies  that  would 
enable  one to  assess  this  claim  empirically.  There  are, that  is to  say,  few  studies  that 
actually  examine  the  comparative  costs  of  conventional  and  new  technologies  at 
different  scales  of  output  in  developing  countries.3  One  of these  studies,  by  Amiya 
Bagchi,l  is  concerned  with  the  impact  of  microelectronics-based  technologies  in 
India.  It  includes  a detailed  set  of  cost  calculations  for  different  types  of  printing 
technologies  in  that  country.  The  calculations  suggest  that  for  the  firms  producing 
small  batches,  the  low  wages  and  low  initial  investment  costs  that  are  associated 
with  the  letterpress  method,  mean  that  this  technology  retains  a cost  advantage 
over  the  new  microelectronics-based  techniques.  On  the  other  hand,  at  larger 
scales  of  output,  it  is  these  latter  technologies  that  appear  to  attain  a  cost 
advantage. 
It  is  probably  at  least  partly  on  account  of  this  scale  factor  that  the  rate  of 
adoption  of  CNC  machines  tools  often  appears  to  be  relatively  low,  even  in  the 
more  advanced  regions  of  the  developing  world.  For  example,  a detailed  study  by 
Edquist  and  Jacobsson  of  the  engineering  industry  in  the  newly  industrializing 
countries,  concludes  that  ‘with  the  exception  of  Argentina,  it  appears  as  if  it  is 
mainly  the  larger  firms  which  adopt  NCMTs’.’ 
In  the  early  198Os,  it  appeared  to  some  of  those  who  were  working  on  the 
topic  that  there  were  also  issues  of  scale  in  the  selection  of  CAD  techniques.  In 
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minicomputers  are  unlikely  to  be  profitable  (in  relation  to  the  choice  of  technique, 
rather  than  the  design  of  product)  with  fewer  than  IO  designers;  those  based  upon 
mainframe  have  even  greater  effective  economies  of  scale’.”  Since  then,  however, 
personal  computers  began  to  be  used  in  CAD  systems  with  profound  implications 
for  costs  and  presumably  also  for  scale  (in  the  sense  just  mentioned  of  a  reduction 
in  the  number  of  workers  to  make  the  systems  profitable). 
Whether  the  scale  factor  will  be  less  important  in  the  future  industrialization 
of  developing  countries  will  depend  in  part  on  the  nature  of  the  industry  and  the 
product-mix,  and  in  part  on  whether  scale  refers  to  batch  or  plant  size.;  Whether 
new  technological  developments  are  likely  to  give  rise  to  an  increase  in  CAD 
adoption  rates  by  small  firms  in  developing  countries  also  remains  unclear.  Much 
will  depend,  apart  from  the  scale  factor,  on  the  evolution  of  relative  factor  prices, 
the  cost  of  acquiring  new  technologies,  and  the  terms  and  conditions  at  which 
these  technologies  are  likely  to  be  available  to  Third  World  countries,  particularly 
those  which  do  not  produce  these  technologies  themselves. 
To  an  important  degree,  the  issues  relating  to  the  demand  rather  than  the 
supply  side  of  the  choice  of  technology  are  likely  to  be  significant.  It  is  to  these 
issues  that  we  turn  next. 
The  demand  side:  products  and  markets 
Much  of  the  standard  choice  of  technology  debate  tends  to  focus  on  questions  of 
efficiency  and  costs,  that  is,  on  the  supply  side  of  the  issues.  Yet,  when  it  is  viewed 
from  the  standpoint  OC the  characteristics  that  are  embodied  in  products,  the 
demand  side  may  also  have  a  major  influence  on  the  returns  that  can  be  expected 
from  a  new  (process)  technology.  The  reason  is  that  changes  in  technology  often 
cause  changes  in  the  product  and  these  in  turn  may  shift  the  firm’s  demand  curve 
to  the  right. 
In  the  case  of  many  new  microelectronics  technologies,  these  product 
changes  often  seem  to  be  of  overriding  importance  to  the  choice-of-technique 
decisions.  Consider  in  this  regard  Table  1  which  mainly  contains  a  summary  of  the 
results  of  a series  of  studies  conducted  by/for  the  international  Labour  Office  (ILO) 
World  Employment  Programme  (WEP)  on  the  adoption  of  a  variety  of  the  new 
technologies.  A  number  of  other  case-studies  have  also  been  included  in  the  table. 
In  each  case  demand  factors  appear  to  be  decisive  to  adoption  decisions,  whereas 
factors  related  to  costs  of  production  on  the  other  hand  were  regarded  as  not 
being  influential. 
The  demand  dimension  of  technology  choice  is  likely  to  have  different  implica- 
tions  for  large-scale  as  against  small-scale  firms  in  developing  countries.  In  general, 
small-scale  firms  in  industry  tend  to  serve  particular  and  fragmented  markets. 
Thus,  whereas  ‘Large  units  tend  to  sell  mainly  to  high-income  markets 
most  small  units  mainly  sell  low-income  products  to  the  informal  sector’.”  By  ‘low- 
income’  products  is  meant  essentially  products  embodying  a  relatively  high  pro- 
portion  of  essential  (eg  food  nutrients)  characteristics  and  a  relatively  low  propor- 
tion  of  inessential  characteristics  (or  what  are  sometimes  referred  to  as  ‘frills’).  Yet, 
It  is  preci4y  the  opposite  combination  of  characteristics  that  may  often  define  the 
products  associated  with  microelectronics  innovations,  sue-h  as  CAD  and  CNC 
machine  tools.  The  reason  is  that  these  innovations  comprise  part  of  what  histori- 
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TABLE  1.  THE  ROLE  OF  DEMAND  IN  THE  CHOICE  OF  MICROELECTRONICS  INNOVATIONS  IN 
SELECTED  DEVELOPING  COUNTRIES 
New  Determinants  of the  choice 
technologies  of technology 
Author  (year)  Country  Sectors 




2.  Pyo 
(1986) 
Republic  of 
Korea 
3.  Dominguez-  Mexico 
Villalobos 
(1988) 
4.  Fleury 
(1988) 
5.  Tauile 
(1987) 
General  machine 
manufacturing; 
electrical  and 
electronics; 
automobile 
assembly  and 
component 
manufacturing; 












machinery  and 
tool 
NC  machine 
tools,  CAD/ 
CAM,  robots 
NCMTs, 
robots,  CAD/ 
CAM 
CNC  machine 




Brazil  Metal  engineering  Electronic  data 
processing 
equipment; 




Brazil  Automobiles  CNC  machine 
tools 
‘Despite  the  much  feared 
labour-displacement 
potentials  of  the  new 
technology,  labour  saving 
was  by  no  means  a  major 
motive  of  its  adoption.  Of 
the  24  Malaysian  firms 
14  reported  that  their  main 
objective  had  been  to 
improve  the  quality  of  their 
products  or  work,  while 
another  12  had  introduced 
the  new  technology  to 
enhance  their 
competitiveness’.  (p  53) 
‘The  firms  in  our  survey 
introduced  it  (FA  machmery) 
for  three  main  reasons:  for 
better  quality  control  (22  out 
of  a  total  of  30  firms),  to 
compete  in  export  markets 
(18  firms);  and  due  to 
product  standard  imposed 
by  domestic  buyers  (15 
firms)‘.  (pp  94-95) 
‘By  far  the  most  frequent 
purpose  of  using  NCMTs 
was  to  attain  a  higher  or 
more  regular  quality  of  work 
followed  by  a  higher 
speed  of  production/ 
reduced  downtime. 
Flexibility  was  the  third 
important  consideration’. 
(P 24) 
‘Although  the  degree  of 
emphasis  varied  from  one 
Industry  to  another,  the 
adoption  of  FA  equipment 
was  primarily  motivated  by 
the  desire  to  improve  the 
quality  of  products  or  work 
and  to  increase  productivity 
for  the  purpose  of 
strengthening  the  firm’s 
competitive  position  in 
export  markets’.  (p  81) 
‘Motivation  for  introducing 
NC  machine  tools  is 
quality  control,  flexibility  in 
production  and  the 
characteristics  of  certain 
products’.  (p  171) 
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TABLE  1.  THE  ROLE  OF  DEMAND  IN  THE  CHOICE  OF  MICROELECTRONICS  INNOVATIONS  IN 
SELECTED  DEVELOPING  COUNTRIES  (continued) 
Author  (year)  Country  Sectors  New  Determinants  of the  choice 
technologies  of technology 
6.  Boon 
(1986) 
7.  Boon 
(1986) 
Colombia  Bottling  plant  CNC  machine  *The  adoption  of  the  CNC 
toois  machine  took  place  to 
achieve  a  better  quality  in 
order  to  maintain  and 
enlarge  export  markets.  In 
addition  the  size  of  the  lots 
(fluctuating  between  25  and 
200  pieces)  facilitated  the 
adoption  of  the  machines’. 
(P 38) 
Peru  Metalworking  CNC  machine  ‘The  acquisition  reasons 
industry  tools  which  the  seven  (adopting) 
firms  gave,  were  as  follows: 
to  reduce  costs,  to  improve 
quality,  precision,  piece 
complexity,  increment  in 
production  and  volume’.  (pp 
3637) 
Sources:  For  1 to  4,  see  Susumu  Watanabe  (ed),  Microelectronics  and  Third  World  industries  (London, 
Macmillan,  1993);  for  5,  see  Susumu  Watanabe  (ed),  Microelectronics,  Automation  and  Employment  in 
the  Automobile  industry  (Chichester.  John  Wiley  and  Sons,  1987);  for  6  and  7,  see  G.  K.  Boon, 
Computer-based  Techniques:  Diffusion,  Impact,  Trade  and  Policy  in Global  Perspective  (Noordwijk,  the 
Netherlands,  Technology  Scientific  Foundation,  June  1986). 
tally  (in  the  industrialized  countries)  has  been  a close  relationship  between  inno- 
vations  in  products  and  innovations  in  processes.9 
That  these  (historically  determined)  relationships  help  to  explain  the  differen- 
tial  rates  of  adoption  of  some  of  today’s  new  technologies,  can  be  shown  in 
relation  to  the  Indian  machine  tool  industry.  For,  on  the  one  hand,  the  smaller  firms 
in  that  industry  ‘often  catered  to  customers  who  demanded  low  quality  but  cheap 
products’,l”  while  on  the  other  hand,  the  larger  firms  would  supply  customers  with 
more  stringent  quality  requirements.  And  since  CNC  machine  tools  tend  (as  we 
saw  above)  to  be  associated  with  high  (or  at  least  more  precise)  standards  of 
quality,  they  are demanded  to  a correspondingly  greater  extent  by the  large,  rather 
than  the  small-scale  firms  in  the  industry. 
There  is  a possibility  that  the  speed  and flexibility  of  many  new  microelectro- 
nics  technologies  may  be  much  more  important  to  Western  markets  (such  as 
textiles  and  automobites)  where  change  in  demand  is  rapid  and  continuous,  than 
to  the  relatively  stable  patterns  of  demand  that  characterize  many  ‘low-income’ 
markets  on  which  many  developing-country  industries  depend. 
Supply and demand  combined:  a technology  decision  matrix 
The  discussion  so  far  has  dealt  for  the  most  part  separately  with  the  demand  and 
supply  sides  of  the  choice  of  technology  decision.  Before  going  further  with  these 
issues,  however,  it  is  worth  emphasizing  that,  in practice,  the  decision  to  select  one 
technology  over  another  is  based  on  a combination  of  both  supply  and  demand 
factors. 
In  fact,  since  both  costs  (supply)  and  demand  may  increase,  decrease  or 
remain  unchanged  following  the  adoption  of  a new  technology,  the  decision  can 
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TABLE  2.  COMBINING  SUPPLY  AND  DEMAND  DETERMINANTS  OF  ADOPTION 
Demand 
increases  remains  constant  falls 
Costs  fall  +  +  _ 
SUPPlY  Costs  remain  constant  +  X  X 
Costs  increase  X  X 
+  =  the  new  technique  is  adopted. 
X  =  the  new  technique  is  not  adopted. 
-  =  the  outcome  is  indeterminate,  depending  on  the  relative  influences  of  supply  and  demand  on  the 
profits  of  the  firm. 
be  depicted  in  terms  of  the  nine  ceils  shown  in  Table  2.  Thus,  whereas  some 
combinations  give  rise  to  an  unambiguous  decision  about  whether  to  accept  or 
reject  the  new  technology,  others  are  indeterminate  and  depend  on  the  relative 
strengths  of  the  opposing  influences  on  profitability.  These  indeterminate  cases 
appear  in  the  upper  right  and  lower  left  cells  of  the  matrix. 
The lumpiness problem 
In the  previous  section,  we suggested  that  there  are factors  on  both  the  supply  and 
demand  sides  that  may  frequently  make  it  unprofitable  for  many  industrial  enter- 
prises  (particularly  small-scale  ones)  to  adopt  technologies  such  as CAD/CAM  and 
CNC  machine  tools.  One  of  the  most  important  of  these  factors,  as  a number  of 
case-studies  clearly  demonstrate,  is the  price  of the  capital  equipment  itself.  Onn’s 
study  of  microelectronic  industrial  machinery  in  Malaysia  and  Singapore,  for 
example,  shows  that  the  high  cost  of  equipment  was  cited  more  than  twice  as 
frequently  as  any  other  perceived  constraint  on  adoption.”  Similarly,  in  Tauile’s 
study  of  the  diffusion  of  CNC  machine  tools  in  the  Brazilian  automobile  industry, 
the  high  cost  of  this  technology  was  cited  by  the  firms  that  he  interviewed  as the 
major  constraint  on  adoption.lL 
Capital  cost  does  not,  however,  bear  only  on  the  profitability  of  the  new 
technologies.  For,  even  if  this  factor  does  not  render  the  new  technology  unprofi- 
table  (in  terms  of  the  decision  matrix  shown  in  Table  2),  a formidable  problem  of 
indivisibility  or  ‘lumpiness’  may  nevertheless  still  confront  the  small-scale  (though 
perhaps  not  as  much  large-scale)  enterprises. 
The special  case of microcomputers 
Much  less  has  been written  in the  economics  literature  about  the  use  of computers 
for  managerial  functions  (such  as  inventory  control  and  accounting)  than  for 
purposes  of  production  (as  in  the  case  of  CAD  or  CNC  machine  tools).  The 
comparative  neglect  of the  former  is  unfortunate  in  part  because  the  two  functions 
may,  in  practice,  be difficult  to  separate.  Indeed,  managerial  changes  may  facilitate 
those  in  production.  This  neglect  is  also  especially  unfortunate  from  the  point  of 
view  of  the  small-scale  firm  in  developing  countries,  because  the  use  of  the 
computer  (and especially  the  microcomputer)  as a tool  of  management  suffers  to  a 
much  less  pronounced  extent  from  the  problem  of lumpiness,  that  so  pervades  the 
use  of  the  new  technologies  in  production  (and which  is  most  marked  in  the  case 
of  industrial  robots). 
An  effective  use  of  microcomputers  in  the  industrial  growth  of  developing 
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one  hand,  such  capabilities  may  facilitate  the  diffusion  of  cheaper  forms  of  these 
technologies.  On  the  other  hand,  to  the  extent  that  domestic  capabilities  are 
acquired  under  conditions  of  protection  against  competing  imports,  the  gains  from 
design  innovations  may  be  partially  or  more  than  fully  offset  by  correspondingly 
higher  (than  world)  prices.  In  the  case  of  microcomputers  produced  in  Brazil,  for 
example,  although  the  products  are  said  to  be  ‘more  appropriate  to  the  local  needs 
because  they  are  designed  to  match  local  requirements’,”  their  prices  are  higher 
than  those  of  microcomputers  imported  from  the  industrialized  countries. 
So  far  we  have  considered  the  hardware  aspects  of  technology.  However,  it  is 
important  to  emphasize  that  innovations  designed  to  ameliorate  the  problem  of 
lumpiness  can  also  take  an  institutional  form-that  is,  a  form  in  which  it  is 
institutions  rather  than  technologies  that  are  adapted. 
In  countries  such  as  the  Philippines,  rental  markets  appear  to  be  highly 
developed,  as  evidenced  by  the  fact  that  ‘harvesting  and  threshing  equipment, 
tractors,  and  motor  vehicles,  are  used  on  about  five  to  seven  times  as  many  farms 
as  those  who  own  them’.‘-’  In  an  analogous  manner,  institutions  such  as  service 
bureaux  could  play  an  equally  important  role  in  the  adoption  and  diffusion  of  some 
of  the  new  microelectronics  technologies  (such  as  CAD).  Existing  service  bureaux  in 
the  garment  industries  of  a  number  of  relatively  advanced  countries  offer  one 
specific  institutional  model  that  may  be  of  relevance  to  the  developing  countries  in 
the  future  when  expanding  markets  and  globalization  of  production  and  trade 
might  make  it  particularly  suitable.  What  these  service  bureaux  offer  is  microelec- 
tronics-based  equipment  which  performs  all  functions  up  to  marker  making  on 
behalf  of  garment  producers,  thereby  reducing  their  investment,  maintenance  and 
managerial  costs.  I5 All  that  the  manufacturers  have  to  do  is  to  supply  the  bureau 
with  a  sketch  of  the  garment  to  be  produced.  The  case  of  Boras  in  Sweden  (a 
district  with  the  highest  concentration  of  garment  producers)  illustrates  the  func- 
tioning  of  the  concept  of  the  service  bureau  in  practice.  The  Boras  bureau  services 
about  200  customers  out  of  a  total  of  300  firms  (in  1985).  The  10  bigger  firms 
possessed  their  own  pre-assembly  equipment,  which  suggests  that  the  bureau 
customers  were  mainly  small  firms  which  could  not  afford  to  install  this  equipment. 
Similar  bureaux  are  in  operation  in  the  USA  and  Japan. 
Institutional  innovations  need  not,  however,  be  confined  to  one  or  another 
form  of  rental  market.  They  may  involve  in  addition  a  change  in  the  /eve/at  which 
choice  of  technique  decisions  are  made,  and  more  specifically  a  change  from 
individual  to  communal  patterns  of  ownership.  The  latter  are  in  fact  already 
prevalent  in  areas  such  as  irrigation  and  sanitation  where  adoption  decisions 
necessarily  involve  the  community  as  a  whole.  And  the  experience  with  these 
decisions  (especially  the  pronounced  problems  that  they  have  so  frequently 
encountered),  offers  much  that  may  be  relevant  to  a  ‘communally  oriented’ 
approach  to  the  diffusion  of  microelectronics  innovations  among  small-scale  enter- 
prises  (including,  as  we  note  below,  the  flexible  specialization  approach).  In  any 
case,  however,  what  is  clear  is  that  choice-of-technique  decisions  made  at  the 
community  level  cannot  be  understood  in  terms  of  the  traditional  choice  of 
technology  model,  which  generally  presupposes  the  existence  of  a  sing/e  decision 
maker.“’  Instead,  an  analytical  framework  is  needed,  which,  on  the  one  hand 
incorporates  a  variety  of  possible  modes  of  individual  interaction  and  which,  on 
the  other  hand,  makes  it  possible  to  understand  how  conflicts  between  individuals 
arise  and  ultimately  get  resolved. 
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Imperfect  information 
The  availability  of  information  is  generally  recognized  to  be an  important  determi- 
nant  of  why  one  technology  is  chosen  rather  than  another.  In fact,  most  empirical 
studies  suggest  that  information  is  available  for  only  a limited  portion  of the  range 
of  available  techniques.  From  the  standpoint  of  small-scale  enterprises  and  in 
relation  to  new  technologies,  imperfect  information  is  likely  to  present  a particu- 
larly  acute  problem,  in  terms  of  availability  and  cost  of  search. 
ln  part,  this  is  a question  of the  demand  for  information  and, in  particular,  the 
differential  extent  to  which  industrial  firms  of  different  size  find  it  profitable  to 
search  for  information  about  new  technologies.  In  the  context  of  agricultural 
innovations,  an  argument  along  these  lines  has  been  used  to  account  for  the 
tendency  for  larger  farms  to  adopt  new  technologies  earlier  than  small  farms,  even 
when  the  innovations  themselves  are  scale-neutral.  I7  Specifically,  the  argument  is 
that  larger  farms  have  more  of  an  incentive  to  search  for  innovations  than  small 
farms  because  the  expected  (absolute)  gains  to  the  former  are  greater.  Similar 
reasoning  may  help  to  account  for  the  tendency  noted  above, for  many  of the  new 
microelectronics  techniques  to  be adopted  mainly  by  relatively  large-scale  indus- 
trial  firms  in  developing  countries. 
Another  explanation  of this  tendency,  however,  has  to  do with  the  supply  of, 
rather  than  the  demand  for,  information  about  the  new  technologies.  For  what 
Edquist  and Jacobsson  emphasize  in  their  study  of the  engineering  industry  in  the 
newly  industrializing  countries,  is that  what  (little)  information  is supplied  to  firms  in 
these  countries,  tends  to  reach  mainly  relatively  large-scale  enterprises  with  some 
kind  of  connection  (eg through  licensing)  to  foreign  firms.  It  appears  to  be largely 
through  such  connections  that  information  about  new  technologies  is transmitted. 
For  other  firms,  especially  those  of medium  or  small-scale,  the  problem  is often  that 
‘Local  suppliers  do not  exist  and distributors  of foreign  made  machines  may  not  be 
represented  in  the  country.  If they  are,  they  may  very  well  not  put  a great  deal  of 
emphasis  on  marketing  etc’.18 This  problem,  one  might  add, is likely  to  be especially 
pronounced  in  the  small  and  least  developed  countries  of  the  Third  World. 
Aggregate  adoption  of  new  technologies 
In  the  developed  countries,  empirical  evidence  on  the  adoption  of  new  technolo- 
gies  by size  of firm  (measured  by numbers  employed)  tends  to  conform  to  what  one 
might  expect,  namely,  that  the  larger  firms,  because  of their  greater  technical  and 
financial  resources,  know-how  and  information,  have  adopted  these  technologies 
to  a  greater  extent  than  relatively  small-scale  enterprises.  The  Policy  Studies 
Institute,  London,  for  example,  undertook  a detailed  survey  of a total  of  more  than 
3800  factories  in  France,  Germany  and the  UK  to  ‘measure  across  the  whole  range 
of  manufacturing  industry,  the  form,  extent  and effects  of the  use  of  microelectro- 
nics  in  products  and  production  processes’.19  The  study  noted  that  the  microelec- 
tronics  applications  (eg CAD/CAM,  CNC  machine  tools  and  robots)  were  concen- 
trated  mainly  in  mechanical  and electrical  engineering  and  automobile  industries. 
Evidence  on  patterns  of  adoption  by firm  size  in  developing  countries  is  more 
difficult  to  attain.  Some  of  this  evidence  conforms  broadly  to  the  developed- 
country  patterns  noted  above.  We  have  already  cited  the  study  by  Edquist  and 
Jacobsson  of the  engineering  industry  in  the  newly  industrializing  countries,  which 
found  that  with  few  exceptions  it  is  mainly  the  larger  firms  which  adopt  CNC 
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machine  tools  in  these  countries.  Fleury’s  study  of  the  adoption  of  microelectronics 
technologies  in  the  Brazilian  metal-engineering  industry  appears  to  come  to  a 
similiar  concIusion.2o 
On  the  other  hand,  not  all  the  evidence  from  developing  countries  conforms 
to  this  conventional  pattern.  One  study  of  Mexico,  for  example,  examined  the  use 
of  flexible  automation  (FA)  equipment  in  the  following  industries-automobiles  and 
parts,  electrical  appliances  and  machine  tools.  It  found  that  ‘at the  beginning  of  the 
1980s  over  80  per  cent  of  the  FA  machines  were  used  by  small  and  medium-sized 
firms,  but  their  share  fell  to  45  per  cent  in  1983  and  to  28  per  cent  by  mid-1987’.21 
At  the  same  time,  the  share  of  large  firms  using  the  technology  actually  increased, 
thus  widening  the  gap  between  large  and  small  firms.  This  situation  in  Mexico  is  in 
sharp  contrast  with  that  of  the  UK  industry  noted  above.  What  explains  this  rather 
unusual  Mexican  experience? 
The  rapid  growth  of  the  domestic  market  for  machinery  and  consumer 
durables  during  the  first  subperiod  is  noted  by  the  author  to  be  a  possible 
explanation  for  the  small-scale  adopters.  During  the  second  subperiod,  the  liquidity 
problem  of  the  small  firms  (with  little  access  to  export  markets)  is  proposed  as  a 
factor  explaining  a  decline  in  their  share  among  the  adopters.  The  larger  firms 
adopted  FA  equipment  to  compete  in  export  markets.  Other  factors  explaining  a 
decline  in  the  share  of  small  adopters  in  Mexico  may  be  the  fact  that  most  new 
technology  equipment  is  imported  from  abroad.  The  increasing  debt  crisis  and  the 
erosion  of  the  national  currency  must  have  made  these  imports  extremely  expen- 
sive,  with  the  result  that  the  large  firms  alone  could  afford  them.22 
Flexible  specialization  paradigm 
The  first  part  of  the  article  showed  that  a  number  of  the  mechanisms  through 
which  the  benefits  of  the  new  microelectronics  technologies  are  transmitted  to 
industrial  enterprises  can  adequately  be  viewed  from  the  perspective  of  the  choice 
of  technology  approach.  At  the  same  time,  however,  there  are  other  mechanisms 
that  cannot  (or  can  less  easily)  be  fitted  into  this  framework.  Some  of  the  most 
important  of  these  arise  in  relation  to  what  is  known  as  flexible  specialization. 
Associated  most  closely  with  the  work  of  Piore  and  Sabel,23  flexible  specializa- 
tion  represents  a  new  paradigm  of  industrial  organization,  which, 
In  contrast  to  mass  production  uses  a  series  of  general  resources  to  produce  a 
constantly  shifting  mix  of  specialized  products.  It depends  upon  the  increasing  generality  of 
the  resource  base:  finding  new  uses  for  existing  skills  and  equipment  and  extending  the 
range  of  products  which  the  economy  can  produce.  This  form  of  production  was  typical  of 
the  craft  communities  which  existed  throughout  Western  Europe  and  North  America  in the 
first  half  of  the  nineteenth  century.24 
New  microelectronics  technology  is  one  of  the  factors  that  has  given  rise-in  the 
‘new  dynamic’  form  that  is  known  as  flexible  specialization-to  the  revival  of  craft 
production.  These  technologies  are  flexible  in  the  sense  that  they  allow  a  greater 
range  of  output  to  be  produced,  as  well  as  in  the  sense  that  they  permit  a  more 
rapid  response  to  changes  in  consumer  demand  (a  form  of  flexibility  that  is 
especially  relevant  to  industries  such  as  textiles,  footwear  and  automobiles,  which 
are  prone  to  demand  changes).  Piore  and  Sahel  are  at  pains  to  emphasize, 
however,  that  although  it  has  increased  the  flexibility  of  production,  the  computer 
alone  cannot  account  for  this  revival  (partly  because  computers  can  be  used  in  a 
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‘rigid’  manner  and partly  because  Piore  and Sabel  cite  cases  where  flexible  produc- 
tion  does  not  depend  on  computers).  Nor  are  the  new  technologies  (in  the 
hardware  sense)  the  only  form  of  innovation  that  is  emphasized  by  the  concept  of 
flexible  specialization. 
On  the  contrary,  one  can find  in  the  literature  a variety  of  different  forms  of 
innovation  that  are  subsumed  under  the  term.  25 Flexibility  is  often  used,  for 
example,  to  refer  to  changes  in  working  practices  that  are  required  by flexibility  of 
output  ‘to  minimise  downtime  during  changeovers  and to  generate  a faster  rate  of 
technical  progress’.26  A  second  meaning  that  attaches  to  the  concept  of flexibility 
has  to  do  with  labour  markets,  both  internal  and  external.  For  example,  ‘task 
flexibility  can  be  facilitated  by  greater  use  of  internal  labour  markets,  reducing 
labour  turnover,  increasing  training  in  a  range  of  skills,  winning  flexible  working 
practices  and  willingness  to  move  within  the  firm  in  return  for  job  security’.27  Still 
another  meaning  of  flexibility  refers  to  organizational  innovations  within  and 
between  firms.  Within  firms,  for  example, 
Factory outlets  need to alter, from  mass production’s dedicated  lines  and functional  layouts 
to  flexible  production  cells.  ‘Families  of  parts’  need  to  be  composed,  each  family  being 
allocated  a separate  ‘factory’  to  itself;  these  are  based  on  the  principle  of  modular-designs 
and  involve  a process  of  what  has  come  to  be  called  ‘design  for  manufacture’.L8 
Changes  in  the  nature  of  the  relationships  between  firms  are  frequently  also 
discussed;  some  of  these  discussions  focus  on  the  relationships  between  small- 
scale  firms  (notably  in  industrial  districts)  while  others  are  concerned  with  the 
relationships  between  large-  and small-scale  firms  (often  in  the  context  of  subcon- 
tracting  relationships). 
If  there  are,  therefore,  a  variety  of  meanings  attaching  to  the  concept  of 
flexible  specialization,  even  further  meanings  (and  one  might  add, in  many  cases, 
further  confusion)  are  created  by  the  numerous  ways  in  which  these  dimensions 
can be combined.  Some  dimensions  can of course  exist  separately  from  the  others: 
adoption  of the  new  technologies,  for  example,  can be effected  without  changes  in 
the  other  dimensions,  and the  same  is true  of organizational  changes.  On  the  other 
hand,  there  are  a  number  of  powerful  complementarities  between  the  various 
dimensions  that  are  ascribed  to  the  concept  of flexible  specialization.2g 
Whatever  the  definition  of  the  concept  of  flexible  specialization,  in  future 
production  in  both  industrialized  and  developing  countries,  the  pattern  of  indus- 
trialization  is  likely  to  be characterized  by  new  forms  of  labour  utilization,  thanks 
partly  to  the  greater  use  of  new  information  technologies.  A  changing  pattern  of 
employment,  its  ‘flexibilization’,  a shift  between  core  and  periphery  workers,  flex- 
ible  working  hours  etc,  are  already  becoming  a reality  in  industrialized  countries. 
These  characteristics  of the  new  flexible  labour  markets  are  likely  to  be a model  of 
the  future  particularly  for  the  newly  industrializing  countries  (NICs).  Their  influence 
on  industrial  productivity,  skill  structures  and human  capital  formation  is  bound  to 
be of  important  concern  for  industrial  firms  facing  the  challenge  of  quality  as well 
as price  competition. 
innovational  complementarities 
The  choice  of  technology  literature  tends  to  focus  on  a single  innovation,  which, 
typically,  is  an  innovation  in  the  hardware  of  technology.  (This,  of  course,  is  a 
general  observation  and  is  not  meant  to  deny  the  existence  of  untypical  contribu- 
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tions.)  Those  who  have  contributed  to  the  flexible  specialization  literature,  in 
contrast,  emphasize  (as  noted  above)  organizational  as  well  as  technological 
innovations,  and  some  of  them  deal  also  with  relationships  (especially  those  of  a 
complementary  kind)  between  these  innovations.  It  is  widely  recognized,  for 
example,  that  organizational  changes  within  an industrial  enterprise  are  required  if 
all  the  potential  gains  from  the  new  technologies  are  actually  to  be  realized.  This 
recognition  owes  much  to  the  Japanese  experience.  ‘They  ha\le  built  on  their 
already  highly  flexible  production  organization,  to  develop  the  management  struc- 
ture  and  practices  necessary  to  extract  the  full  benefit  of  flexible  automation’.3D  In 
the  industrialized  countries,  this  recognition  is  supported  by  a  large  number  of 
empirical  studies;  in  developing  countries,  in  contrast,  such  studies  are  relatively 
few,  and, of these,  the  best  documented  is  Kaplinsky’s  recent  analysis  of a medium- 
scale  garments’  firm  in  Cyprus.  j’  He  shows  that  through  essentially  three  mecha- 
nisms-reorganization  of  the  production  line,  the  introduction  of  a computerized 
information  processing  system,  and  the  closer  integration  of  marketing  and  pro- 
duction-the  firm  has  experienced  a ‘substantial  enhancement’  of  its  competitive 
position. 
It  bears  emphasizing,  though,  that  complementarity  between  innovations 
does  not  mean  that  they  need  to  be  simultaneously  adopted.”  In  fact,  there  are 
several  reasons  why  organizational  change  may  be undertaket~  prior  to  the  adop- 
tion  of  the  new  process  technologies.  One  reason  is  that  organizational  change 
may  stimulate  or  facilitate  the  adoption  and effective  operation  of  the  latter  forms 
of innovation.  A  second  reason  why  organizational  innovations  may  precede  those 
of a technological  kind  is that,  in  certain  circumstances-such  as an acute  scarcity 
of  capital  and  foreign  exchange--the  former  may  be the  only  feasible  option  for 
small-scale  enterprises  in  developing  countries.”  What  occurred  among  small 
firms  in the  light  engineering  industry  in Argentina  during  the  economic  crisis  of the 
1980s  may  be  illustrative  of  just  such  a possibility.  In  particular,  the  “‘Japanese” 
organisational  model  (of  inventory  minimisation,  reduction  in  setting-up  time  of 
machinery  etc) appears  to  have  been  combined  with  old,  non-sophisticated  physi- 
cal technologies’;  this  experience,  according  to  Roldan,  suggests  that  ‘the  Japanese 
“classical  model”  may  be successfully  emulated  by  a small  firm,  in  small  batch  or 
custom-made  production,  with  traditional  physical  technologies,  in  a crisis  situa- 
tion’.  j4 
The  model  of  the  industrial  district 
The  concept  of  flexible  specialization  is  perhaps  most  commonly  understood  to 
refer  to  regional  clusters  of  small-scale  enterprises.  Within  the  scope  of  the 
concept  thus  delineated,  however,  it  is  still  important  to  distinguish  between  two 
very  different  strands  of  literature. 
One  of  them,  associated  mainly  with  the  work  of  Hubert  Schmitz,  is  con- 
cerned  specifically  with  developing  countries  and,  in  particular,  with  the  notion  of 
‘collective  efficiency’,  which  denotes  the  various  types  of gains  that  accrue  collecti- 
vely  to  small-scale  enterprises  clustered  ‘around  a set  of related  activities’.,‘s  Neither 
Schmitz  nor  those  who  have  followed  up  his  concept  of coilective  efficiencyj”  seek 
to  link  it  to  the  adoption  of new  microelectronics  technologies  (or,  for  that  matter, 
to  any  form  of  technical  change).  The  absence  of  any  link  of  this  kind  could  be 
defended  on  the  grounds  that  the  new  technologies  do  not  in  fact  exist  in  actual 
regional  clusters  of  small-scale  enterprises  in  developing  countries.  At  the  same 
FUTURES  July/August  1993 Flexible  specialization,  new  technologies  and  future  industrialization  in  developing  countries  725 
time,  however,  the  neglect  of  these  technologies  renders  the  concept  of  flexible 
specialization  employed  by  Schmitz  and  his  followers  open  to  the  criticism  that  it 
lacks  novelty.  For  without  any  such  dimension,  it  is  difficult  to  see  what  is  in  fact 
novel  about  this  approach  or  to  discern  what  new  hope  it  offers  to  existing  clusters 
of small-scale  producers  in developing  countries  who  are reliant  on traditional  (and 
usually  unproductive)  technologies.  After  all,  not  only  have  regional  clusters  of 
small  firms  (such  as  at  Kumasi  in  Ghana,  an  example  that  is  frequently  quoted  by 
Schmitz)  long  been  in  existence,  but  they  have  also  been  actively  promoted  by 
governments  in  a wide  variety  of  developing  countries  through  the  establishment 
of  industrial  estates  and workshop  clusters  (see  belowL3’ 
In  sharp  contrast  to  the  concept  of  flexible  specialization  that  has  just  been 
described,  the  second  (albeit  less  extensive)  strand  of  literature  seeks  explicitly  to 
incorporate  the  new  microelectronics  technologies.  This  concept  of  flexible 
specialization,  which  can  appropriately  be described  as  ‘high-technology  cottage 
industry,  ’ 3R  is  much  closer  to  the  model  of the  industrial  district  that  is found  in the 
‘Third  Italy’  and especially  to  the  many  small  firms  in  that  region  that  make  use  of, 
for  example,  CAD  and  CNC  machine-tool  technologies.  The  concept  of  industrial 
district  (in  the  context  of  Italy)  is  defined  as  ‘a fragmented  cycle  of  production’ 
which  ‘can  assume  different  forms,  ranging  from  a pattern  of  decentralisation  of 
production  within  larger  firms  to  a constellation  model  of small  firms’.3g In the  case 
of  the  ‘Third  Italy’  the  latter  interpretation  and experience  has  proved  to  be much 
more  successful  in  responding  ‘to  the  ups  and  downs  of  demand  and  to  the 
introduction  of  innovations’.30 
From  the  standpoint  of the  concept  of the  industrial  district,  the  key  question 
takes  a normative  rather  than  a positive  form,  namely,  whether  ‘high-technology 
cottage  industry’  represents  a  model  of  the  industrial  district  that  is  capable  of 
replication  in  the  Third  World  context  either  now  or  in  the  future.  The  answer  to 
this  question  in  turn  depends  on  what  preconditions  will  need  to  be met. 
Some  of  these  preconditions  are  likely  to  involve  precisely  the  types  of 
problems  that  have  so  frequently  undermined  the  efficacy  of  various  forms  of 
collective  action  in developing  countries.  The  literature  is  replete,  for  example,  with 
frustrated  collective  outcomes  in  areas  such  as irrigation  and  sanitation,  while  the 
historical  experience  with  cooperatives  on the  whole  provides  a no  less  discourag- 
ing  record.31  Common  to  many  of  these  disappointing  experiences  is  an  inherent 
and  formidable  problem  that  Mancur  Olson  described  so  forcefully  many  years 
ago,  namely,  the  problem  of  the  ‘free-rider’.“*  One  well  known  form  that  this 
problem  takes  is  that  when  the  community  is  large  no  single  individual  has  an 
incentive  to  participate  in  a communal  venture,  ‘For  by  definition,  he cannot  make 
a perceptible  contribution  to  the  group  scheme,  and since  no one  in the  group  will 
react  if he fails  to  contribute,  there  is  no economic  incentive  for  him  to  do SO’.~~  The 
industrial  districts  of  the  ‘Third  Italy’  appear  to  have  been  able  to  overcome  this 
type  of  problem  largely  through  the  countervailing  pressure  that  is  exerted  by 
powerful  communal  ties.  Piore  and  Sabel  suggest,  for  example,  that  ‘the  fear  of 
punishment  by exclusion  from  the  community  is  probably  critical  to  the  success  of 
the  explicit  constraints  on  competition’44  that  seem  to  be  so  important  in  these 
districts.  Comparable  mechanisms  are  known  to  exist  in  some  Third  World  com- 
munities  45 but  in  general  they  cannot  be  relied  on.  Indeed,  even  in  the  Brazilian 
footwear  industry  that  is  so  approvingly  cited  by  Sabel,  it  is  doubtful  that  anything 
like  the  strength  of  communal  ties  in  the  ‘Third  Italy’  can  be  found.  In  fact, 
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according  to  one  recent  description  of  this  industry,  smaller  firms  ‘do  not  find  in 
Brazil  a propitious  environment  in  which  to  operate,  which  seems  to  exist  in  the 
case of  the  Italian  model  .  . there  exists  a climate  of  distrust  in  the  inter-industrial 
market’.“” 
Other  types  of  precondition  that  need  to  be met  if  the  Italian  model  is  to  be 
replicated  are  likely  to  revolve  to  an  important  extent  around  the  role  of  govern- 
ment.  For,  as  is  frequently  acknowledged  in  the  literature  on  the  ‘Third  Italy’, 
government  institutions  have  been  key  to  the  adoption  and  utilization  of  the  new 
technologies  (the  use  of  CAD  in  Prato,  the  textile  industry,  is  one  of  the  clearest 
examples  of  this). 47 Whether  governments  in  developing  countries  will  be  willing 
(and able) to  emulate  this  behaviour  depends,  among  numerous  other  factors,  on 
how  far  they  can  overcome  in  Kaplinsky’s  words,  ‘their  fixation  with  large-scale 
production’.4R  This  form  of  production  often  appears  to  have  been  favoured 
directly  and  indirectly  by  governments,  even  when  more  profitable  (in  private  as 
well  as  social  terms)  small-scale  technological  alternatives  were  available.  Still,  as 
Kapiinsky  indicates,  the  governments  of  at  least  three  relatively  small  developing 
countries-Cyprus,  Jamaica and the  Dominican  Republic-have  already  modelied 
their  industrial  development  strategies  on  the  basis  of  the  small-scale  clusters 
found  in  the  ‘Third  ltaly’.49  It  is  not  clear,  though,  how  representative  these 
countries  are  of  the  Third  World  as  a whole;  nor  is  it  clear  to  what  extent  these 
emulative  efforts  have  actually  succeeded  in  the  implementation  of  the  new 
approach. 
~~dlJstr~al  districts  v ind~strj~l  esstates 
On  the  surface,  the  concept  of the  industrial  district  in  the  industrialized  countries 
like  Italy  seems  to  be similar  to  that  of  industrial  estates  promoted  in  developing 
countries.  They  both  represent  a  constellation  or  agglomeration  of  small  firms. 
However,  one  important  distinction  between  them  concerns  size:  whereas  the 
industrial  districts  of  Italy  typically  comprise  between  1000  and  3000  firms,50 
industrial  estates  are  usually  concerned  with  a  much  smaller  number  of  firms. 
Moreover,  while  the  industrial  districts  of  Italy  have  developed  more  or  less 
spontaneously,  the  industrial  estates  are  by  their  very  definition  ‘tracts  of  land  and 
(possibly)  buildings  developed  by  the  State,  presumably  on  favourable  terms,  for 
industrialists  .  .‘.51  In  the  Indian  industrial  estates,  for  example,  several  incentives 
were  granted  to  attract  small-scale  firms-favourable  terms  for  hire  purchase, 
improved  terms  for  small  loans  and  the  supply  of  equipment  and  materials  and 
common  facilities. 
An  important  question  is  whether  existing  industrial  estates  in  the  developing 
countries  can  provide  an  appropriate  model  for  the  government  to  disseminate 
and  promote  the  use  of  new  technologies  like  CAD/CAM  and  CNC  machines 
among  small  and medium  firms.  Our  impression  is  that,  to  date, governments  have 
not  made  wide  use  of  the  estates  for  the  sake  of  improving  small-scale  technolo- 
gies,  reflecting  perhaps  the  more  general  absence  of a technological  component  in 
measures  to  promote  small-scale  industries  in  developing  countries.52  In  at  least 
some  countries,  however,  this  neglect  is  apparently  being  redresseds3  and  to  this 
extent,  existing  industrial  estates  could  acquire  a stronger  technological  compon- 
ent  in  general  and  in  relation  to  the  new  technologies  in  particular.  One  form  that 
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this  might  usefully  take  is  the  introduction  of  service  bureaux  which  we  discussed 
above. 
Decentralization 
The  spatial  dimension  of  production  is  generally  neglected  in  the  standard  choice 
of technology  approach.  Yet,  as we  have just  seen,  location,  in  the  specific  form  of 
agglomerative  clusters  of  small-scale  firms,  is  central  to  the  flexible  specialization 
paradigm.  Locational  issues  arise  also  in  a different,  but  no  less  important  way,  in 
the  notion  that  the  new technologies  might  permit  a more  decentralized  pattern  of 
industrialization  than  has  hitherto  been  possible  on  the  basis  of  ‘mass  production’. 
One  way  in  which  this  might  arise  relies  on  the  tendency  towards  diminished 
plant  size  and  greater  flexibility  of  production  that  is  associated  with  some  new 
technologies.  These  characteristics  of  the  new  technology,  so  the  argument  runs, 
may  alter  the  regional  concentration  of  production  that  has  been  so  prevalent 
under  import-substituting  industrialization  in  developing  countries.  More  specific- 
ally,  what  is  envisaged  is  the  alteration  of  a  pattern  of  industrialization  that  has 
been  characterized  by  production  in  a few  large-scale  (usually  imported)  plants,  of 
goods  embodying  characteristics  in  proportions  very  similar  to  those  found  in  the 
developed  countries.  The  new  technologies  may  be  able  to  alter  this  pattern 
through  the  dispersed  location  of  a larger  number  of  small-scale  plants  which  are 
able to  serve  the  heterogeneous  preferences  of a much  wider  group  of consumers. 
(Kaplinsky  refers,  in  this  context,  to  an  ‘ability  to  “niche”  output  to  the  specific 
conditions  of  individual  markets,  without  sacrificing  quality  and  price’,  which,  he 
contends  ‘opens  the  prospect  of  developing  appropriate  products  for  developing 
country  markets’).53 
The  extent  to  which  this  type  of  locational  change  actually  materializes, 
however,  will  depend  (among  other  factors)  on the  numerous  supply-  and demand- 
side  determinants  of  adoption  of  the  new  technologies  described  above.  On  the 
demand  side,  an  especially  important  question  arises  as  to  whether  effective 
demand  will  be sufficient  in  the  decentralized  (particularly  rural)  locations  to  make 
adoption  profitable.  More  specifically,  the  question  is  whether  the  new  products 
associated  with  the  new  technologies  embody  characteristics  in  proportions  that 
are  desirable  and  accessible  from  the  point  of  view  of  low-income  rural  house- 
holds.  While  this  may  indeed  occur  in  some  cases-thereby  validating  the  view 
that  the  new  technologies  are  able  to  produce  ‘low-income’  or  appropriate  pro- 
ducts-there  are likely  to  be many  other  cases  when  the  new  products  are suitable 
instead  for  ‘high-income’  markets.  After  all,  many  examples  cited  above suggested 
that  the  new  technologies  are often  adopted  precisely  to  be able to  compete  in the 
export  markets  of  the  industrialized  countries. 
This  form  of  demand-side  issue  does  not,  however,  apply  to  applications  of 
micro-hydro  power  to  rural  areas,  because  a given  demand  (for  energy)  is  here 
simply  being  met  more  cheaply.  What  has  nevertheless  still  to  be  overcome  in 
most  such  schemes  is  the  problem  of  lumpiness  of  investment  described  above, 
since  even  relatively  low-cost  versions  of this  form  of  power  will  be inaccessible  to 
most  individual  households  in  rural  areas.  If, on the  other  hand,  adoption  decisions 
can be made  communally,  micro-hydro  projects  appear to  represent  one  import- 
ant  way  in  which  the  new  technologies  can  promote  a pattern  of  industrialization 
that  is  based  on  small-scale  producers  in  rural  areas.  A  project  in  a  small  rural 
village  in  central  Colombia  that  used  the  power  from  a  micro-hydro  plant  to 
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establish  a  small  sawmill  illustrates  this  potential.  5’, The  community  in  that  village 
was  able  (with  the  assistance  of  a  non-governmental  rural  development  organiza- 
tion)  to  commit  itself  not  only  to  the  joint  ownership  of  the  sawmill  hydro  plant, 
but  also  to  planning  and  building  the  sawmill.  Evidently,  therefore,  the  problems  of 
collective  action  are  not  insuperable  and  the  incomes  of  even  very  isolated  rural 
communities  can,  under  the  right  conditions,  be  increased  by  the  adoption  of  the 
new  technologies. 
Still  another  way  in  which  the  new  technologies  might  facilitate  decentraliza- 
tion  exploits  the  ability  of  (some  of)  these  technologies  to  overcome  long  distances. 
Unlike  the  two  previous  possibilities  which  were  based  on  ‘stand-alone’  adoption 
by  individuals  or  communities,  this  third  possibility  involves  communication 
between  the  geographically  fragmented  elements  of  a  system  of  production  or 
distribution  of  goods  and  services.  In  the  context  of  public  goods  provided  by 
governments,  one  can  point  to  a  variety  of  examples  of  this  model  in  developing 
countries  (eg  the  way  in  which  computers  at  different  levels  of  government  are 
linked  together  in  information  systems).  In  the  context  of  the  privately  owned 
enterprise,  aspects  of  the  Benetton  experience  provide  probably  the  best  example 
(especially  when  compared  with  the  case  of  Prato,  the  Italian  textile  industry). 
The  Benetton  retail  shops  are  to  be  found  in  locations  throughout  the  world. 
The  Prato  case,  on  the  other  hand,  as  noted  above,  comprises  a  cluster  of  large 
numbers  of  small-scale  firms  in  one  particular  region.  It  would  seem  that  the 
production  structures  of  Benetton  and  Prato  are  similar,  but  not  their  distribution 
structures.  For,  while  Benetton  producers  are,  like  their  counterparts  in  Prato, 
centralized  in  a  particular  area,  the  retail  outlets  are  widely  dispersed.  This  disper- 
sion  is  based  on  a  telematics  network  (combining  information  processing  and 
transmission)  which  Benetton  introduced  in  1978  to  provide  communications 
between  the  headquarters  and  the  sales  outlets.  The  network  has  proceeded 
through  different  stages  of  sophistication  since  then.  In  1985,  the  basic  telematics 
network  was  linked  to  the  different  Benetton  agents  through  the  provision  of  a 
personal  computer  to  each.  As  a  result,  the  agents  are  rapidly  able  to  receive 
information  about  consumers,  goods  and  prices.  At  the  same  time,  ‘The  pattern  of 
sales  and  extent  of  re-orders  are  regularly  fed  back  from  the  shops  to  Benetton,  and 
in  this  way  the  time  required  for  the  final  decision  of  distribution  among  subcon- 
tractors  is  markedly  reduced.  This  allows  for  an  optimisation  of  the  total  produc- 
tion  cycle  and  a  better  utilisation  of  capital  equipment  of  the  whole  system’.ih 
As  with  Prato,  it  is  difficult  to  conceive  of  Benetton  as  a  model  (for  incorporat- 
ing  small-scale  enterprises  in  the  benefits  of  the  new  technologies)  that  is  easily 
replicable  in  developing  countries.  On  the  supply  side,  for  example,  the  latter 
requires  a  highly  complex  communications  infrastructure,  which,  for  many,  if  not 
most,  developing  countries  simply  does  not  exist.  On  the  demand  side,  it  is  worth 
emphasizing  that  the  complex  information  system  is  used  by  Benetton  to 
communicate  with  retail  outlets  which  are  overwhelmingly  concentrated  in  the 
developed  countries.  The  reason  is  that  the  major  markets  for  Benetton  are  found 
in  these  countries,  and  it  is  information  about  these  markets  (and  changes  therein) 
that  the  company  requires  (so  precise  is  this  information,  in  fact,  that  Benetton 
‘almost  directly  “interacts”  with  its  customers’).  57 Correspondingly  few  developing 
countries  participate  in  the  communications  network  of  retailers;  in  fact,  according 
to  one  study,  the  Benetton  experience  casts  doubt  ‘on  the  general  applicability  of 
the  thesis  which  suggests  the  progressive  displacement  of  labour  intensive 
“mature”  products  to  LDCs’.18 
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TABLE  3.  NEW  TECHNOLOGIES  AND  SMALL-SCALE  INDUSTRIALIZATION:  ALTERNATIVE  ECONOMIC 
AND  INSTITUTIONAL  MECHANISMS 
Technological 
focus 





Inter-  and  intra- 
firm  linkages 
Benefits 
Main  constraints 
Examples 
Choice  of technology 
New technology  as 
an  expansion  of  the 
existing  range  of 
techniques 
Individual  firm 
Not  major  area 
None 
Only  insofar  as 
differential  rates  of 
adoption  by  small 
and  large  firms  affect 
the  competitive 
position 
Increased  profits  by 
individual  adopting 
firms 
Factor  prices,  skills, 
information 
CAD/CAM  in  NICs, 
microcomputers  in 
Africa 
Flexible  specialization 
New technology  as  part  of 
the  new  flexible 
specialization  paradigm 
Individual  firm  as  part  of 




Agglomerative  clusters 
Central  issue,  competitive 
and  cooperative 
relationships  between 
small-scale  firms  and 
between  large  and  of  the 
former 
‘Collective  efficiency’, 
dynamic  gains  in  export 
markets,  externalities 
Problems  of  collective 
action,  ‘government 
failures’  to  induce 
cooperative  behaviour 
Prato 
Decentralization 
New technology  as  an 
expansion  of  spatial 
technological  possibilities 
Individual  firm/community 
May  involve  changed 
relationships  between 
central  and  dispersed 
units  of  production 
(distribution) 
Dispersion 
Unimportant  (with 
dispersed  ‘stand-alone’ 
adoption),  or  important 
(where  dispersed  units 
interact  with  centrally 
located  unit)  small-scale 
Regional  decentralization, 
increased  equality 
Lack  of  infrastructure  and 
effective  demand  in 
dispersed  locations 
Benetton,  micro-hydro 
Summary  and  conclusions 
This  article  has  examined  the  various  economic  and  institutional  mechanisms 
through  which  the  benefits  of the  new  microelectronics  technologies  are, or  might 
be,  transmitted  to  small-scale  enterprises  in  developing  countries.  We  have  sug- 
gested  that  although  there  is a tendency  in the  literature  on this  topic  to  emphasize 
the  ‘newness’  of  these  technologies,  many  instances  of  adoption  can  be  under- 
stood  with  reference  to  the  received  choice  of  technology  framework  (albeit  one 
that  differs  in  some  ways  from  the  neo-classical  model).  There  are,  for  example,  a 
number  of  similarities  between  the  patterns  of  adoption  and  diffusion  of  agricul- 
tural  innovations  and  those  that  are  associated  with  the  new  microelectronics 
technologies. 
On  the  other  hand, there  are numerous  other  mechanisms  through  which  the 
benefits  of the  latter  might  be transmitted  to  small-scale  enterprises  that  cannot  (or 
at  least  not  easily)  be  fitted  into  the  choice  of  technology  framework.  This  was 
shown  to  be mainly  because  the  framework  tends  to  focus  on the  individual  rather 
than  the  group  or  community;  because  it  neglects  relationships  between  and 
within  enterprises;  because  it  tends  to  deal  with  the  hardware  rather  than  the 
organizational  dimensions  of technology;  and because  it  lacks  a spatial  dimension. 
In each of these  areas,  we have compared  the  choice  of technology  with  two  other 
analytical  frameworks,  namely,  those  associated  with  flexible  specialization  on  the 
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one  hand  and with  decentralization  on  the  other.  The  outcome  of  these  compari- 
sons  is  contained  in  summary  form  in  Table  3.  me  wish  to  emphasize,  however, 
that  our  approach  to  these  alternatives  has  been  essentially  comparative  rather 
than  exhaustive;  by  no  means,  therefore,  does  our  discussion  purport  to  review  the 
substantial  literature  on  them  that  already  exists. 
None  of  the  mechanisms  we  have  considered  suggests  that  the  complex  of 
new  technologies  is  likely  to  constitute  a major  alternative  to  previous  patterns  of 
industrialization,  at  least  in  the  short  run  (although  particular  types  of  small  firms 
have  and  will  benefit  from  these  technologies).  This  conclusion  should  not,  how- 
ever,  be  interpreted  to  imply  that  governments  have  no  role  to  play;  on  the 
contrary,  we  have  indicated  much  that  can be done  by government,  especially  but 
not  exclusively  in  instances  of  market  imperfections  and failures. 
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